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The addition of an alkali-surfactant solution to the cell suspension results in rapid cell lysis 18 and release of the intracellular contents. In the strongly alkaline environment that results, the bulk 19 of the macromolecular components denature irreversibly, whereas the supercoiled plasmid is 20 reversibly denatured provided that the pH is kept below a critical value, which varies for different 21 plasmids. 13 The cell wall lysis and solubilisation reaction is fast, and the release, denaturation and 
10
The principles behind the floc-seeding experiments undertaken in this study are 11 schematically illustrated in Fig. 1 . In experiments with magnetic materials (Fig. 1a ), 1 g portions 12 of NiO-coated nickel powder or fine particle magnetite were added to 100 ml volumes of 13 solutions 1, 2 or 3 contained in 500 ml carboys immediately prior to plasmid extraction. 2 powders were chosen as seed materials in preference to other magnetic particle materials 3 primarily for reasons of low cost. Prior to use in magnetic seeding experiments, the nickel powder 4 was heated in air for 1 h at 350°C so as to impart a high degree of corrosion resistance to the seed 5 material. 39 The results of floc-seeding experiments conducted at 300 ml scale using magnetite 6
and NiO-coated nickel particles at a final concentration of 3.33 mg ml -1 are summarised in Table   7 1. Although incorporation of either NiO-coated nickel powder or fine particle magnetite during seems to enhance pDNA recovery in the drained liquor relative to the control lysis (see Table 2a to it, are consistent with the above possibility. In stark contrast, the inclusion of hydrophobic 21 microspheres during lysis does not inflict damage on the resulting floc (no gDNA was detected in 22 the plasmid liquor), but it is deleterious to pDNA recovery in the drained liquor (Table 2a) .
23
Following centrifugal 'squeezing' of the floc, much of the plasmid could be recovered (Table 2b) .
24
Clearly, the strong reinforcement observed between the uncoated hollow filler particles and 25 components of the floc (Fig. 3a) is responsible, at least in part, for the hindered release of pDNA from the gel/particle lattice into the liquor below. Another possible explanation for the low 1 overall recovery of pDNA (Table 2c ) could be that some plasmid is lost during lysis when it 2 becomes single stranded and able to participate in the formation of the 'hydrophobic 3 microsphere/cell debris' gel structure.
5

CONCLUSIONS
6
One of the more challenging tasks in the large-scale purification of therapeutic plasmids is 7
extraction from E. coli host cells and primary separation from the issuing cell debris solids.
16-19 8
The laboratory based alkaline lysis protocol originally described by Birnboim and Doly 12 is 9 currently the method of choice for extracting pDNA at large-scale. In this work we have applied 10 so called 'particle seeding techniques' that are rarely employed in the biopharmaceutical sector, Key: CHM = coated hollow microspheres; UHM = uncoated hollow microspheres; a recovered following centrifugation of the floc at 10,000 rpm for 0.5 h in the SLA 3000 rotor of a Sorval RC5C refrigerated centrifuge; b i.e. 'drained' plus 'floc-entrained' liquors; n.d. = not detected. 
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